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1. 

AQUATIC METHOD 

This application is a division, of application Ser. No. 
334,410, filed 12/24/81, U.S. Pat. No. 4,354,030. 

BACKGROUND OF THE INVENTION 

The use of chemicals in agriculture has become a 
common practice throughout the world. Practically all 
crops that are grown for human consumption are 
grown in the presence of chemicals. Terrestrial herbi 
cides are routinely employed to control unwanted 
grassy and broadleaf weeds in desirable food crops such 
as corn and soybeans. 
While there are numerous chemical agents currently 

available that are effective as selective terrestrial herbi 
cides, few agents are available for controlling the 
growth of aquatic vegetation in water bodies such as 
lakes, ponds, streams, rivers and the like. Most herbi 
cides that are effective terrestrially are not suitable for 
use in aquatic environments. This may be due to the fact 
that the terrestrial herbicides simply will not control the 
aquatic vegetation, the terrestrial herbicide is not stable 
in an aquatic environment, or because the toxicity of the 
terrestrial herbicides render them unfit for use in water 
containing animal life. 

Lavanish, in U.S. Pat. No. 4,268,679, recently re 
ported a series of isoxazolylimidazolidinones that are 
effective as terrestrial herbicides and are safe for use on 
corn, soybeans, wheat and the like. We have now dis 
covered that certain isoxazolylimidazolidinones are 
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useful in the control of aquatic vegetation in bodies of 35 
water. An object of this invention therefore is to pro 
vide an aquatic herbicidal method employing isox 
azolylimidazolidinones. 

SUMMARY OF THE INVENTION 

This invention concerns a method for controlling the 
growth of vegetation in bodies of water. The invention 
is more particularly directed to a method for control 
ling the growth of aquatic plants comprising contacting 
the plants with an aquatic herbicidally effective amount 
of an isoxazolylimidazolidinone defined by the formula 

wherein: 
R is C1-C5 alkyl or allyl; 
R2 is hydrogen, C1-C5 alkyl, allyl, or hydroxy; 
R3 is hydroxy or halo; 
R is hydrogen, C1-C6 alkyl, halo, cyano, or nitro; 
R is C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, 
C3-C7 cycloalkyl, C1-C3 alkyl-C3-C7 cycloalkyl, 
halo-C1-C6 alkyl, -R6-O-R7 or -R6-S-R7, 

where R6 is C1-C6 alkylene and 
R7 is C1-C6 alkyl; or R5 is 
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-R6 Z or -R6-O 

wherein: 
Z is nitro, halo, or R7, and n is 0, 1, 2 or 
provided that R2 is allyl or hydroxy when R is alkyl, 

R3 is hydroxy, and R is alkyl, cycloalkyl, alkylcy 
cloalkyl or haloalkyl. 

A preferred method of controlling aquatic vegetation 
employs a compound of the above formula wherein R2 
and R3 both are hydroxy. 
Another preferred method employs a compound 

wherein R5 is 1,1-dimethylethyl. 
A further embodiment of this invention is an aquatic 

formulation comprising an isoxazolylimidazolidinone of 
the above formula and an aquatically-acceptable car 
e. 

This invention also provides a group of new com 
pounds defined by the formula 

CH3 CH3 

wherein R1, R4 and R5 are as defined above. 
DETAILED DESCRIPTION OF THE 

INVENTION 

R1 in the above formula defines allyl or a C1-C6 alkyl 
group. The term "C1-C6 alkyl” means both straight and 
branched chains having up to six carbon atoms. Typical 
C1-C6 alkyl groups include methyl, ethyl, isopropyl, 
n-butyl, 2-methylpentyl, 1,2-dimethylpropyl, and the 
like. Methyl is preferred for R1. 
The term "halo' as used herein means fluoro, chloro, 

bromo and iodo. 
Typical C2-C6 alkenyl groups include 2-propenyl, 

2-butenyl, 2-methyl-3-pentenyl, and 5-hexenyl. Com 
mon C2-C6 alkynyl groups include 3-hexynyl, 2-propy 
nyl, 2-butynyl, 1-methyl-2-butynyl and the like. 
The term “C3-C7 cycloalkyl' includes cyclopropyl, 

cyclobutyl, cyclopentyl and cycloheptyl. "C1-C3 alkyl 
C3-C7-cycloalkyl' means a C3-C7 cycloalkyl group 
substituted with a C1-C3 alkyl moiety. Examples in 
clude 1-ethylcyclohexyl, 1-methylcyclopropyl, and 
2-isopropylcyclopentyl. 
The term "halo-C1-C6 alkyl' means a C1-C6 alkyl 

group substituted by one or more halo groups. Trifluo 
romethyl is a preferred haloalkyl group. Other haloal 
kyl groups are 2-chloroethyl, 3,4-dibromopentyl, 2 
bromo-3-iodohexyl, and the like. 
The terms “-R6-O-R7' and "-R6-S-R7' refer 

to groups such as methoxymethyl, 2-ethoxyethyl, 3-iso 
propylthiopropyl, methylthiomethyl, 6-methylthi 
ohexyl and the like. 
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Most of the compounds employed in the aquatic 
method of this invention are disclosed by Lavanish in 
U.S. Pat. No. 4,268,679. That patent is incorporated 
herein by reference. As noted therein, isox 
azolylimidazolidinones of the above formula wherein 5 
R2 is other than hydroxy are prepared by reacting a 
3-aminoisoxazole or a 5-aminoisoxazole with phosgene 
to obtain the corresponding isoxazole isocyanate, react 
ing the isocyanate with a 2,2-dialkoxyethylamine to 
provide a urea intermediate, and then cyclizing the 10 
urea. This overall scheme is depicted below. 

4. 
wherein R1, R“ and R5 are as defined above, R2 is other 
than hydroxy, and "alk' is lower alkyl such as methyl 
or ethyl. 

Isoxazolylimidazolidinones having the above general 
formula wherein R2 is hydroxy, which are employed in 
a preferred embodiment of this invention, are prepared 
by reacting a 3-aminoisoxazole or a 5-aminoisoxazole 
with an isocyanate to form an isoxazolylurea derivative, 
and then reacting the isoxazolylurea with glyoxal to 
form the isoxazolyl-4,5-dihydroxyimidazolidinone. This 
reaction sequence is depicted by the following scheme; 

H2N R4 R5 R4 

N R5 d N NH2 
N N 
O O 

COCl2/HCl 
ethyl acetate 

OCN- R4 R5 R4 
N R5 O N NCO 
N. N 
O O 

R1 R2 H. Oak 
/ 

H-N-C-C 
N 

H O alk 

O O 

-R R4 R- R4 R 
R1-N N O N N N-R1 

| H 5 Yo H N R 

H--cr-o alk N alk o-yc --h O 2 2 R O alk H3O+ alk O R 

O 

H.N- R4 R5 
N R5 O N 
N N 
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R5 
O. O. 

|| 
H-C-C-H 

(glyoxal) 

5 R 
R1-N N R or N 

N - R5 
OH N OH O 

The isoxazolyl-4,5-dihydroxyimidazolidinones 
wherein the hydroxy groups are cis are valuable in the 
control of aquatic weeds according to this invention, 
and also serve as intermediates in the synthesis of the 
isoxazolylimidazolidinone acetonides that are provided 
as a further embodiment of the invention. The aceto 
nides can be prepared by reaction of the cis-4,5-dihy 
droxy imidazolidinones with acetone in the presence of 
a dehydrating agent and dilute mineral acid as follows: 

OH OH O 

O 
dehydrating agent, 

CH3-C-CH3 dilute acid 

O 

CH3 CH3 

Typical dehydrating agents that can be employed in 
clude copper sulfate, sulfuric acid, perchloric acid, zinc 
chloride, and phosphorus pentoxide. The reaction gen 
erally is carried out in the presence of excessive acetone 
to act as reactant and solvent. The reaction usually is 
complete within about one to about twenty-four hours 
when carried out at about 20 to about 50° C. The prod 
uct is isolated and purified by normal procedures, for 
example crystallization, chromatography and the like. 

Examples of typical classes of isoxazolylimidazolidi 
nones to be employed in the aquatic method of this 
invention include those listed below: 
A. Those of the formula 

25 

O 

R- R4 R 
R or N N N-R 

N H H 
O 

O 

R4 R 
N N-R1 

Yo - 
OH OH 

o 1. R is allyl and R3 is hydroxy; 
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a. R2 is allyl; 
1a.1. R is H and R5 is 

-(6). or --G Zn. 
1a.2. R is H and R5 is -R6-S-R7. 
1a.3. R4 is H and R5 is -R6-O-R7. 
1a.4. R is H and R5 is halo-C1-C6 alkyl, preferably 

trifluoromethyl. 
1.a.5. R is H and R5 is C3-C7 cycloalkyl or C1-C3 
alkyl-C3-C7 cycloalkyl. 

1a.6. R4 is H and R5 is C1-C5 alkyl. 
1a.7. R is H and R5 is tert-butyl. 
1a.8. R is H and R5 is C2-C6 alkenyi. 
1a.9. R is H and R5 is C2-C6 alkynyl. 
b. R2 is C1-C6 alkyl. 
1b. 1. R4 is H and R5 is 

Z or -R6-O 

1b.2. R4 is H and R5 is -R6-S-R7. 
1b.3. R4 is H and R5 is -R6-O-R7. 
1b.4. R4 is H and R5 is halo-C1-C5 alkyl, preferably 

trifluoromethyl. 
1b.5. R is H and R5 is C3-C7 cycloalkyl or C1-C3 
alkyl-C3-C7 cycloalkyl. 

1b.6. R4 is H and R5 is C1-C6 alkyl. 
1b.7. R4 is H and R5 is tert-butyl. 
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To a solution of 1.0 gram of 3-5-(1,1-dimethylethyl)- 
3-isoxazolyl-4,5-dihydroxy-1-methyl-2-imidazolidi 
none in 20 ml. of anhydrous acetone were added three 
drops of 70% perchloric acid. The reaction mixture 
stood at ambient temperature for sixteen hours, and 
then was diluted with 100 ml. of water. The white crys 
talline precipitate was collected by filtration and recrys 
tallized from diethyl ether and hexane to afford 3-5- 
(1,1-dimethylethyl)-3-isoxazolyl-4,5-dihydroxy-1- 
methyl-2-imidazolidinone acetonide. M.P. 157-159 C. 
Mass Spectrum M+. Theory 295; Found 295. 

Analysis calculated for C14H21N3O4. Theory: C, 
56.94; H, 7.17; N, 14.23. Found: C, 56.65; H, 7.43; N, 
13.96. 
The aquatic method provided by this invention per 

mits the control and elimination of aquatic weeds en 
ploying a compound defined herein. The invention 
contemplates the control and elimination of all forms of 
plant life that infests ponds, lakes, water ways, water 
reservoirs, including water towers and containers em 
ployed in the storage of water for human consumption. 
The invention thus provides a method for controlling 
algae and aquatic plant growth including submersed, 
floating, emergent and ditchbank vegetation. Because 
the compounds are useful in control aquatic plant life, 
an important embodiment of this invention is a method 
of use employing the compounds. 
The novel compounds provided by this invention, 

with potent aquatic herbicides, also have some terres 
trial herbicidal activity. The pre-emergent and post 
emergent terrestrial herbicidal activity of typical isox 
azolylimidazolidinone acetonides of this invention has 
been determined in standard greenhouse experiments. 
Such experiments were carried out by first formulating 
a test compound for convenient soil surface or overtop 
foliar spray application. The test compound was formu 
lated by dissolving 0.2 percent by weight in a solution 
containing 4.0 percent by weight acetone, 4.0 percent 
by weight ethanol, and 91.7 percent by weight of deion 
ized water, and 0.1 percent by weight of a commercial 
surfactant, for example Toximul R and S, which are 
blends of anionic and nonionic surface active agents 
(Stepan Chemical Co. Northfield, Ill., 60093). The solu 
tion containing the test compound was then serially 
diluted with deionized water to the appropriate volume 
containing the desired concentration of test compound. 
The formulated compounds were applied pre-emer 
gence and/or post-emergence to metal greenhouse flats 
filled with soil and seeded to test plants. The com 
pounds were evaluated at several application rates, 
initially at 15 pounds per acre (16.8 kg/ha) and at lower 
rates until compound activity diminished. Pre-emer 
gence applications were made to the soil surface of the 
seeded flats. Post-emergence applications were made to 
the foliage of the various plant species approximately 
twelve days after seeding. All treated flats were main 
tained in agreenhouse following treatment. Evaluations 
of compound activity were made in the form of plant 
injury rating on a scale of 1 to 5. The rating of “1” refers 
to no plant injury; "2" slight injury; "3' moderate in 
jury; “4” severe injury; and “5” death to all treated 
plants. Evaluations were made from 11 to 14 days after 
post-emergence application, and from 18 to 21 days 
following pre-emergence application. 
Table 1 which follows presents the herbicidal activity 

of a compound provided by this invention. 
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14 
TABLE 

Plant Injury Ratings for the Compound of Example 2 
appin. rate lbs/A (kg/ha) 

PLANT SPECIES 15 8 4. 2 

Pre-emergence 
Corn 
Cotton 
Soybean 
Wheat 
Alfalfa 
Sugar Beet 
Rice 
Cucumber 
Tomato 1 
Barnyard Grass 1 
Lambsquarter 
Large Crabgrass 1 
Mustard 
Pigweed 
Foxtail 
Wildloat 
Velvetleaf 
Jimsonweed 
Morningglory 
Zinnia 
Post-emergence 
Tomato 3 
Large Crabgrass 
Pigweed 5 
Foxtail 
Velvetleaf 
Morningglory 
Zinnia 
Wildoat 

3 

The compounds defined by this invention are particu 
larly useful as aquatic algicides, aquatic growth regula 
tors and aquatic herbicides. A preferred embodiment of 
this invention is a method for controlling aquatic plant 
growth which comprises applying an aquatic herbicid 
ally effective amount of a compound as defined herein 
to the aquatic plants to be controlled or to the water in 
which the plants are growing. 
The compounds of the invention have been evaluated 

in a standard aquatic algicide test designed to show 
algicidal activity. In a primary screen, the compounds 
were evaluated against Chlorella vulgaris, Scenedesmus 
quadricanda, and Anacystis nidulans. These algae species 
were grown on agar slants containing artificial media 
(Hughes' media). The agar slants were employed in the 
inoculation of the test media, which itself is an aqueous 
Hughes' media. Five milliliters of sterile Hughes' media 
is used to wash the agar slants, and this is then added to 
400 ml. of sterile Hughes' media. Two milliliters of the 
inoculated media is then added to each of several 12 ml. 
disposable vials. 
The test compounds are formulated for evaluation by 

dissolving 10 mg. of compound in a solution of 0.5 ml. 
acetone and 4.5 ml. of sterile 0.1% aqueous polyoxyeth 
ylene sorbitan monooleate (Tween 80). Aliquot por 
tions of the formulated test compounds are then added 
to the vials containing the various algae species. Visual 
observations and comparisons to non-treated control 
vials were made 7 days after treatment. Activity ratings 
were made on a scale of 1 to 5 according to the follow 
ing meanings: 

= no effect 
2=slight effect 
3 = moderate effect 
4=heavy effect 
5=100% control. 
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Table 2 which follows presents the algicidal activity 
of compounds of the invention evaluated according to 
the foregoing procedure. 

TABLE 2 
5 

Aquatic Algicide Activity 
Con 

Compound cen- Control Ratings 
of Exam- tration Chlorella Scenedesmus Anacystis Ana 
ple No. ppm vulgaris quadricanda nidulans baena 
Control O O O O 10 

2 1O 5 5 5 1 

As noted above, the compounds of this invention also 
have activity in the regulation of aquatic plant growth 
and are useful as aquatic herbicides. The following 
method was used in the laboratory to evaluate the 
aquatic growth regulating properties of the compounds 
disclosed herein. 
The compounds for this test were formulated in the 

following manner. Twenty milligrams of compound 
was weighed into a 12 ml. disposable vial. To the vial 
containing the compound were added 1 ml. of acetone 
and 9 ml. of aqueous 0.1 percent polyoxyethylene sorbi 
tan monooleate (Tween 80). This solution was then 
diluted with appropriate volumes of water to obtain 
solutions containing 10, 1, 0.5 and 0.25 ppm (parts per 
million) of test compound. 
Terminal pieces of Florida elodea, Hydrilla verticil 

lata (L.F.), (hereinafter identified as hydrilla) 10 cm. 
long, without branching, were prepared for testing. 
Three such cuttings were placed in each plastic con 
tainer holding 785 ml. of water containing the formu 
lated test compound and 3 ml. of Hoagland's nutrient 
solution. Three 10 cm. cuttings of hydrilla were placed 
in each of several control containers of water. To the 
water in each control container there was also added 
the amount of solvent used to formulate the test com 
pound for each container. 

After a period of two to three weeks, measurements 
were made to determine the total length of each plant. 
An average total growth was obtained by dividing the 
total combined lengths by the number of replicates. By 
subtracting 10 cm. from the average total length, the 
average increase in growth was obtained. This differ- 45 
ence was divided by the average increase in length of 
the plants in the solvent controls (SC) and the quotient 
multiplied by 100 to give a percent inhibition. 
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Total combined length 50 
of Replicates 

Number of Replicates Average Length 

Avg. Length - 10 cm. = Avg. Increased Growth 

Avg. Increased Growth 55 
Avg. Increased Growth SC x 100 = %, Inhibition 

Several of the compounds of the invention were eval 
uated further as aquatic herbicides by employing addi 
tional weed species. The compounds were formulated 
for evaluation as described above, and the herbicidal 
activity was determined by visual observations based 
upon non-treated controls. Activity ratings were made 
on a scale of 1 to 5 as follows: 

60 

65 

no observable effect 
slight plant injury 
moderate plant injury : 

16 
-continued 

4 = 50-90% plant injury 
5 = plants completely killed 

A = abscission D = stem disintegration 
C = chlorosis N = necrosis 

The results of this test are reported in Tables 3 and 4 
which follow. 

TABLE 3 
Aquatic Herbicide Activity 3-weeks post-treatment 

Compound of Concentration 
Example No. ppm Hydrilla Coontail Duckweed 

Control 

2 4. 1A1 1/1 1/1 
2 2N/2N 2C/1 A1 

TABLE 4. 
Aquatic Herbicide Activity 
Compound of Concentration 

- Example No - - PPn 
Control 2 2 0.5 

1-week post 
treatment 
Hydrilla 1 1 1 1 1 
Coontail 1 1 1 1 
Duckweed 2C 2C 1 
S. Naiad l 3C 3C 1 1 
Eurasian 3C 3C 1 1. 
Milfoil 
Cabomba 1 2C 2C 2C 1 
Sago Pond 1 
Weed 
2-week post 
treatment. 
Hydrilla 1 1 1 1 
Coontail 1 3C 3C 2C 2C 
Duckweed l 1 ... 1 1 
S. Naiad 3D 3D 3C 1 
Eurasian 2N 2N 1. 1 
Milfoil 
Cabomba 1 2C 2C 3C 1. 
Sago Pond 1 2N 2N. 1 4C 
Weed 
3-week post 
treatlet 

Hydrilla 1. 1 
Coontail 1 3C 3C 3C 3C 
Duckweed 1 1 1 1 1 
S. Naiad 1 3D 3D 2D 
Eurasian 1 3D 3D 1 2C 
Milfoil 
Cabomba 2C 2C 2A 3C 
Sago Pond 1 2C 2C 1 4C 
Weed 

The compounds of the invention are also expected to 
be useful in the control of water hyacinth. Water hya 
cinth is a floating aquatic plant of the order Eichhornia 
crassipes of the family Pontederiaceae. The plant is very 
troublesome in warm regions since it floats on water 
and often clogs waterways, and is very difficult to con 
trol safely. 
As the data presented in the Tables above demon 

strate, the compounds defined herein are useful in the 
control of aquatic vegetative growth. A preferred em 
bodiment of this invention is a method of eliminating 
and controlling the growth of aquatic plants. This 
method is practiced by adding the active isox 
azolylimidazolidinone derivatives to the water contain 
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ing the submerged, emergent, ditchbank or floating 
aquatic plants, or otherwise contacting the plants with 
the active compounds, for example, by applying the 
compounds to the sub-aqueous soil in which the aquatic 
plants are rooted. The compounds may be applied to the 5 
water as dusts when admixed with a powdered solid 
carrier such as bentonite, Fuller's earth, diatomaceous 
earth, or various mineral silicates, e.g., mica, talc, pyro 
phyllite, and clays. The compounds may also be mixed 
with surface-active dispersing agents to form concen 
trates to facilitate dispersion in water and to improve 
the wetting properties when used as sprays. If desired, 
the compounds may be mixed with a powdered solid 
carrier, together with a surface-active dispersing agent, 
so that a wettable powder may be obtained which may 
be applied directly, or which may be shaken with water 
to make an aqueous dispersion for application in that 
form. These wettable powder formulations suitably 
contain from about 25 to about 85 percent by weight of 
the active ingredient, i.e., an aquatic growth regulating 20 
compound coming within the scope of the generic for 
mulae, supra. The compounds may be dissolved in an 
oil, such as a hydrocarbon or chlorinated hydrocarbon 
oil, and the oil solution of the compound dispersed in 
water with the aid of a surface-active dispersing agent 
to give a sprayable aqueous dispersion. Such surface-ac 
tive dispersing agents may be anionic, nonionic, or cati 
onic surface-active agents. Such surface-active agents 
are well-known, and reference is made to Hoffman et 
al., U.S. Pat. No. 2,614,916, columns 2-4, for detailed 
examples of the same. The compounds useful in this 
embodiment of the invention may also be applied by the 
aerosol method. Solutions for the aerosol treatment may 
be prepared by dissolving the compound directly in the 
aerosol carrier, which is a liquid under pressure, but 
which is a gas at ordinary temperature (e.g. 20 C.) and 
atmospheric pressure; or, the aerosol solution may be 
prepared by first dissolving the compound in a less 
volatile solvent, and then admixing such solution with 
the highly volatile liquid aerosol carrier. 

Further, the compounds useful as aquatic growth 
regulators can also be applied in an invert emulsion 
formulation. An invert emulsion formulation is pre 
pared by first making a solution of an aquatic growth 
regulating compound in heavy oils, such as diesel fuel, 
inverting oil, and the like, and combining the thus 
obtained solution with water under high shear stirring. 
The thick emulsion is placed in the water and sinks to 
the bottom of the lake, river, pond, or the like, and the 
aquatic growth regulator is gradually released to con 
trol the growth of the aquatic plants. The following is 
an example of an invert emulsion formulation, prepared 
using the compound of Example No. 2 of this applica 
tion. 

O 
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Invert Emulsion 

Compound of Example No. 2 12.5gm. 
Diesel Fuel 333 ml 
Inverting oil 333 ml 

Vioko-Rhap Inverting Oil (Rhodia, Inc.) 60 

Two-hundred fifty milliliters of this solution is com 
bined with 3750 ml. of water under high shear stirring 
to give a thick invert emulsion. 
The compounds useful as aquatic growth regulators 

can also be applied as pellets which are prepared from a 
mixture of about 5% of the active ingredient, about 
85% clay, and about 10% water, all percentages being 

65 

18 
by weight. The mixture is then extruded through a 
pellet mill using a suitably sized die, e.g., about in. 
diameter. The extruded pellets are about in. by 1 in., 
and are then dried to about 8% moisture content. 
The method of controlling aquatic plant growth pro 

vided by this invention is practiced by adding to the 
water containing the submerged or floating plants a 
growth-regulating or herbicidal amount of one of the 
herein-disclosed compounds, such that a concentration 
of from about 0.01 to about 10 ppm. of the active com 
pound is attained. A preferred method of aquatic plant 
growth regulation provided by this invention is di 
rected toward the control of plants such as water hya 
cinth. Such plants can be controlled by foliar or root 
application of a compound of this invention at a rate of 
about 0.01 to about 1.0 pounds per acre (about 0.011 to 
about 1.1 kg/ha). 
The optimum concentration of active compound for 

any specific aquatic weed control problem varies with 
the temperature, the species to be controlled, and the 
shape of the body of water to be treated. At higher 
water temperatures, less compound is generally re 
quired for a given degree of control than is needed at 
lower temperatures. When used to control algae or 
aquatic plant growth, the compounds will usually be 
employed at concentrations of about 0.1 to about 10 
ppm. In terms of pounds of compound per acre of water 
one foot deep, 0.1 to 10 ppm. is equal to about 0.3 to 
about 30 pounds per acre of water one foot deep. 
We claim: 
1. A method for controlling the growth of aquatic 

plants comprising contacting the plants or the water in 
which the plants are growing with an aquatic herbicid 
ally-effective amount of a compound of the formula: 

wherein: 
R1 is C1-C5 alkyl or allyl; 
R2 is hydrogen, C1-C5 alkyl, allyl, or hydroxy; 
R3 is hydroxy or halo; 
R is hydrogen, C1-C6 alkyl, halo, cyano, or nitro; 
R5 is C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, 
C3-C7 cycloalkyl, C1-C3alkyl-C3-C7 cycloalkyl, 
halo-C1-C6 alkyl, -R6-O-R7 or -R-S-R7, 

where R6 is C1-C6 alkylene and 
R7 is C1-C5 alkyl; or R5 is 

Z or -R6-O 

wherein: 
Z is nitro, halo, or R, and n is 0, 1, 2 or 3; 
provided that R2 is allyl or hydroxy when R is allyl, 
R3 is hydroxy, and R5 is alkyl, cycloalkyl, alkylcy 
cloalkyl or haloalkyl. 
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2. The method of claim 1 employing a 
wherein R is hydrogen. 

3. The method of claim 2 employing a 
wherein R3 is hydroxy. 

4. The method of claim 3 employing a 
wherein R2 is hydroxy. 

5. The method of claim 4 employing a 
wherein R is C1-C6 alkyl. 

6. The method of claim 5 employing a 
wherein R is methyl. 

7. The method of claim 6 employing a 
wherein R is halo-C1-C5 alkyl. 

8. The method of claim 7 employing a 
wherein R5 is trifluoromethyl. 

9. The method of claim 6 employing a 
wherein R5 is C1-C6 alkyl. 

10. The method of claim 9 employing a compound 
wherein R5 is tert.-butyl. 

11. The method of claim 10 employing a 3-(3-tert 
butyl-5-isoxazolyl)-1-methyl-4,5-dihydroxy-2- 
imidazolidinone. 

12. The method of claim 10 employing 3-(5-tert 
butyl-3-isoxazolyl)-1-methyl-4,5-dihydroxy-2- 
imidazolidinone. 

13. The method of claim 9 employing a compound 
wherein R5 is isopropyl. 

14. The method of claim 13 employing a 3-(5-isopro 
pyl-3-isoxazolyl)-1-methyl-4,5-dihydroxy-2- 
imidazolidinone. 

15. The method of claim 13 employing 3-(3-isopro 
pyl-5-isoxazolyl)-1-methyl-4,5-dihydroxy-2- 
imidazolidinone. 

16. An aquatic formulation comprising an isox 
azolylimidazolidinone as defined in claim 1 together 
with an aquatically-acceptable carrier. 

17. The formulation of claim 16 wherein the active 
ingredient is a compound of the formula 

compound 

compound 

compound 

compound 

compound 

compound 

compound 

compound 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 

4. 
R1-N N RRS 

N 
N 

OH OH 

wherein: 
R is C1-C6 alkyl or allyl; 
R is hydrogen, C1-C6 alkyl, halo, cyano, or nitro; 
R is C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, 
C3-C7 cycloalkyl, C1-C3 alkyl-C3-C7 cycloalkyl, 
halo-C1-C6 alkyl, -R6-O-R7 or -R6-S-R7, 

where R6 is C1-C5 alkylene and 
R7 is C1-C6 alkyl; or R5 is 

--O. Zn C --(C- 
wherein: Z is nitro, halo, or R7, and n is 0, 1, 2 or 3. 

18. The formulation of claim 17 wherein R is alkyl. 
19. The formulation of claim 18 wherein R4 is hydro 

gen. 
20. The formulation of claim 19 wherein R5 is C1-C6 

alkyl. 
21. The formulation of claim 20 wherein R5 is tert.- 

butyl. 
22. The formulation of claim 20 wherein R5 is iso-pro 

pyl. 
23. The formulation of claim 19 wherein R5 is halo 

C1-C6 alkyl. 
24. The formulation of claim 23 wherein R5 is trifluo 

romethyl. 
sk as s 


